Introduction
Globally, in the quest for sustainable economic growth, energy resources consumption has been identifi ed as a critical input to achieve this objective. This realisation by most government (at all level) and the wave of urbanization and industrialisation that greeted many economies of the world resulted in the increase in the level of energy consumption and the subsequent oil price shock of the 1970s. Since then, most economies have continued to increase their efforts in making better use of energy resources. Reduced investments in energy infrastructure, lower fossil fuel dependency, increased competitiveness, and improved consumer welfare are among the benefi ts of effi cient energy use (Makridou, Andriosopoulos and Zopounidis, 2014) .
The global economy is still highly dependent on fossil fuels such as oil, gas and coal which are one of the main causes of carbon (CO 2 ) emissions. To reduce this emission, the Kyoto Protocol of 1997 was signed as a giant step toward the reduction of greenhouse gases and the promotion of renewable energy intensity among the industrialised countries. In fact, as noted by Halkos and Tzeremes (2013) , the European Commission issued the renewable energy directive setting targets for the European Union country-members and wishing that 20% of total energy and 10% of transport energy to come from renewable energy source by 2020 while every country member has set individual goals towards the fi scal year of 2020.
Interesting, among African oil producing countries; the consumption of petroleum products and natural gas (major products of their resource) has increased over the past few decades, with the industrialised countries remaining their largest export markets. Given the high dependence of most of these oil-rich African countries on foreign earnings from crude oil export, the dwindling prospects of oil in the world market tend to make investment in renewable energy an arduous task. Consequently, these economies have the tendency of further increasing domestic petroleum and natural gas consumption, in spite of the attending CO 2 emissions, relative to other alternative sources of energy. This paper is best interpreted as extending the work of Chen and Hu, (2006) to Seven (7) of the top ten (10) oil producing economies in Africa. The increase in energy consumption, especially fossil fuel, among these selected African countries is a source of concern and necessitated empirical studies. This is very important for developing countries, especially in Africa; as more energy use is core to productivity improvement and sustainable economic development. Thus, the pertinent question that easily comes to mind is "does the increase usage in non-renewable energy improve energy efficiency among these selected countries?"
Following the introductory section, the rest of this paper is organized into six sections as follows: the next section, section two provides stylized facts on different energy consumption in Africa. Section three and four illustrate with relevant literature review and theoretical framework and methodology for the study, respectively. While, section fi ve entails the empirical results and discussions of fi ndings, the last section, section six, focuses on the conclusion and policy implications of the study.
Brief Stylised Facts on Different Energy Consumption in Africa
Premised on data obtained from WDI, 2015 and EIA 1 , Table 1 revealed the 4-year averages and overall averages of variables of interest between 2005 and 2012. For all the years, Gabon has the lowest labour force among the selected countries, as such; it has the highest per capita GDP and capital stock for all the years which is a refl ection of their very low population. In contrast, Nigeria, with the highest amount of labour force, has the lowest per capita GDP and labour force. For all the countries, the 4-year averages of per capital GDP and labour, as well as labour force, increased between the periods 2005-2008 and 2009-2012. Petroleum and natural gas consumption was highest in Egypt for all the period considered. For instance, Egypt has a 4-year average of petroleum consumption of 1,193.57 However, total energy use per capita is highest in South Africa, followed by Gabon and Algeria while Congo Republic ranked least. In all the countries, except Nigeria, petroleum and total energy consumption increased between 2005-2008 and 2009-2012 period. Similarly, all the countries increased their consumption of natural gas over the two periods Algeria has the highest percentage share of fossil fuel in total energy which remains above 90% between 2005 and 2012 as shown in Figure 1 . However, as with Algeria, the percentage share of fossil fuel in total energy has been rising, with slight breaks, since 2005 in Angola, Congo the Republic, Gabon and Egypt. Nigeria has the lowest percentage share of fossil fuel in total energy which fell from about its highest value of 21% in 2005 to its lowest value of about15% in 2009 while South Africa has been reducing its share of fossil fuel since 2008 with a slight increase in 2012. The consumption of primary energy has followed similar pattern with the share of fossil fuel in total energy in all the countries (Figure 2 ). While primary energy consumption continued to rise for other countries, it was inconsistent in Nigeria and South Africa. The pattern of dry natural gas consumption is not similar among the selected countries. For instance, while it rose steadily for Algeria, Congo the Republic and Egypt, it fell and rose again for Angola, Gabon, Nigeria and South Africa (see Table  1 above). In terms of petroleum consumption, consumption increased overtime for all the countries, except Congo Republic that has experienced decline since 2010. With the exception of Nigeria, total energy consumption in 2012 was higher than that of 2006 for all the countries with maximum points occurring at different years for various countries. However, this trend does not show any prospect of persistent rise in total energy consumption in the future judging from the unstable trend of the consumption of the various energy components in the high energy consuming economies.
Egypt was the leading consumer of both natural gas and petroleum among the selected countries for all the years with Gabon and Congo Republic being the least consumer of natural gas and petroleum respectively. South Africa remained the highest consumer of primary energy and total energy among the top oil producers in Africa. Furthermore, on the trend, Table 1 shows the average natural gas consumption (ANGC), Average total Petroleum consumption and their growth rates. Average consumption of natural gas ( Meanwhile, average total petroleum consumption (ATPC) grew steadily from about 261.76 thousand barrels per day to about 310.98 thousand barrels per day, hence recording positive growth rates for all the years being considered with the highest growth rate of 5.11% in 2008 (See Table 2 ).
Literature review
The literature is bias toward developed countries in the examination of macroeconomic effi ciency of energy resources. Although, some related studies have attempted to provide empirical evidence for macroeconomic effi ciency of energy resources in particular. These studies differ across areas, periods, methodological approaches and fi ndings. Most recent studies reviewed are presented in Table 3 below. In terms of spread, macroeconomic effi ciency of energy resources related studies have been at the Cross-country level (Halkos and Tzeremes, 2013; Mohamad and Sald, 2011; Meidani, Falahi and Hosseini, 2013; Simsek, 2014; and Meng, et al., 2014 Results showed that an increase in the use of renewable energy improves an economy's technical efficiency. Chien and Hu, (2007) further compared results between OECD and non-OECD economies; and fi nds that OECD economies have higher technical efficiency and a higher share of geothermal, solar, tide, and wind fuels in renewable energy that Non-OECD countries. Boyd and Pang, (2000) focuses on the linkage between energy effi ciency and productivity, using plant level data. Their results showed evidence for productivity differences between plants as statistically signifi cant in explaining differences in plant energy intensity.
Pertinent to the above, Halkos and Tzeremes, (2013) further examined the relationship between renewable energy consumption and economic effi ciency of 25 European countries in 2010. While employing conditional Data Envelopment Analysis (DEA) estimators alongside with non-parametric regressions; results revealed that renewable energy consumption has a positive effect on countries' economic effi ciency for lower consumption levels while for higher levels the analysis reveals mixed effects, which are also subject to regional disparities. They therefore, suggested that energy consumption on countries' economic effi ciency depends also on countries' specifi c regional characteristics as well as on the environmental policies adopted (see Table 3 below). Recently, Hang, Sun, Wang, Zhao and Wang, (2015) constructs an energy inefficiency index and discusses sources of energy inefficiency, by simultaneously considering the heterogeneity of production technology, non-radial slacks, and undesirable outputs across 209 Chinese cities. They observed that energy inefficiency is negatively correlated with economic development in these cities. According to them, the technology gap of energy inefficiency in middle income cities is significantly smaller than cities with different incomes.
In terms of estimation techniques; studies have also adopted different techniques alongside DEA. Related studies under review showed different techniques (column 4 in Table 3 above). Such techniques used by previous authors include the Dynamic panel model of generalized method of moment (GMM) (Meidani, et al., 2013) , parametric and non-parametric regression (Halkos and Tzeremes, 2013; Boyd and Pang, 2000) . Interestingly, studies have also employed different DEA estimations ranging from the two stage DEA window analysis to three version of DEA. In this present study, given that analysis was done for each country in the sample, two stage DEA window analyses and stepwise regression approach was adopted.
Theoretical Framework and Methodology
The estimated model used was the two-stage analysis of DEA. In the fi rst stage, input-oriented data envelopment analysis (DEA) is used to construct an effi ciency frontier and generate technical effi ciency scores for each of the seven economies in each year; from 2005 to 2012 with the assumption of constant returns to scale (CRS) 5 . The second stage highlighted the stepwise regression analysis of the model; this was done in order to determine the impact of energy consumption on macroeconomic effi ciency of seven major oil producing economies in Africa.
Therefore, following the DEA procedures, the CRS model used in this study assumes the optimal mix of inputs and outputs as independent of the country's scale of operation. Each decision making unit (DMU), represented by each country in this case, will seeks to minimize the usage of their inputs given a fi xed level of output from such country; since it is in control of the inputs used. Therefore, the objective function for the CRS model used in this study is specifi ed in equation 1 as follows: There are n numbers of inputs. Thus, there exists n x 1 vector of input weights. Likewise, there are m numbers of outputs and m x 1 vector of output weights. Also, there are k numbers of DMUs (excluding the focal DMU).
Equations 1 and 2 can be re-expressed as;
This constant returns to scale (CRS) DEA model implies that the increase in the output is directly proportional to the increase in the inputs implying that the optimal mix of inputs and outputs is independent on the fi rm's scale of operation. The objective function specifi ed in (3) involves fi nding values for U and V, so that the effi ciency of the qth DMU is maximized, subject to the constraint that all effi ciency measures must be less than or equal to 1. The model is transformed in such a way as to make maximization of the numerator possible by setting the denominator for the unit being evaluated equal to 1. Thus, an additional constraint is introduced and the above non-linear model is transformed into the following linear model; (5) (6) (7) For the second stage analysis, this study uses stepwise regression, as against hierarchical regression, employed by Chien and Hu (2006) , which considers explanatory variables according to some specifi ed order. The stepwise procedure defi nes an a posterior order giving the relative uniqueness of the variables selected. Three models are specifi ed to explain the technical effi ciency (TE) of among these countries;
Subject to ≤
Maximise θq = Ur, Vi ≥ 0
Where X 1 represents capital stock per capita (CAPP); X 2 , labour force (LAB); X 3 , GDP per capita (GDPC); X 4 , fossil fuel as a percentage of total energy (FOSFUEL); b 5 X 5 , primary energy consumption (PRINERCON); b 6 X 6 , natural gas consumption (NATGAS); b 7 X 7 , petroleum consumption. Model 1 estimates the effect of the controlling variables on technical effi ciency while model 2 and model 3 introduces natural gas and petroleum in turn as the most important oil products of the top African oil producers.
Data on dry natural gas consumption (Billion Cubic Feet), total petroleum consumption (Thousand Barrels Per Day) and total primary energy consumption (Quadrillion Btu) are collected from renewables and non-renewables information published by International Energy Agency (IEA). Data on total labour force, energy consumption (kg of oil equivalent per capita), gross fi xed capital formation (constant 2005 US$), GDP per capita (constant 2005 US$) and Fossil fuel energy consumption (% of total) are collected from the World Development Indicators (WDI) database (World Bank, 2015) . Population fi gures, also sourced from WDI, are used to divide gross fi xed capital formation in order to express it in per capita terms.
Empirical Results
Table 4 below showed the descriptive statistics and correlation analysis for the input and output variables. Each variable has 56 observations with mean and median per capita energy consumption across the countries been 1,106.73kg and 947.24kg respectively; the standard deviation of 744.28kg was observed. Capital stock per capita across the seven countries examined stood at an average value of $US603.96, with a median value worth $US450.41 and standard deviation of $US507.95 while, GDP per capita has a mean of $US2,165,709, median of $US2,817.90 and standard deviation of $US8,337,114. Moreover, the average labour force for the selected countries is 15.9 (in millions of persons) with median and standard deviation of 11.2 million and 15.6 million respectively. Correlation analysis reveals that capital stock has negative relationship with labour force and GDP. Also, correlation among the variables is either moderate or weak with capital stock having negative correlation with labour force and per capita GDP.
Model 3: TE = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 +β7X7..
Model 1: TE
Model 2: TE = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6. Meidani et al. (2013) On the individual country level, only Nigeria and Gabon remained on the effi ciency frontier for all the years while Algeria (the lowest country average of about 79%) and Egypt (country average of about 81%) never operated on the frontier for any of the years.
Second Stage Analysis
The stepwise regression results are shown in Table 6 . In model 1, GDP per capita, labour force and capital stock are used as controlling variables with energy input broken down into primary energy consumption and fossil fuel (as a percentage of total energy). GDP per capital and capital stock are negative and signifi cant at 10% and 5% respectively while labour force is positive and signifi cant at 10%. The effect of primary energy consumption on macroeconomic consumption is positive and signifi cant while that of fossil fuel is negative and signifi cant. The R-square for model 1 shows that about 57% of the variation in macroeconomic effi ciency is explained by the model. Model 2 introduces natural gas consumption. Within that model 2, Labour force and fossil fuel are negative and signifi cant at 1% while a signifi cantly positive relationship exists between primary energy consumption and macroeconomic efficiency. GDP per capita and capita stock are insignifi cant. Natural gas consumption is positive and signifi cant at 1% and its inclusion in the model improves the explanatory power of the model to about 65%. These results suggest that increasing natural gas consumption is important and enhances macroeconomic effi ciency of African oil producing countries (see Table 6 , column 2).
Petroleum consumption is introduced in Model 3 in the place of natural consumption. GDP per capita and capital stock remain insignifi cant but primary energy consumption and fossil fuel remains signifi cant at 1% while labour force is positive and signifi cant at 10%. Petroleum consumption is insignifi cant and its inclusion in the model does not signifi cantly improve the explanatory power of the model from 57% as recorded by model 1. Thus, while rising petroleum consumption might slightly boost macroeconomic effi ciency of oil rich African countries, it is not necessarily an important ingredient in achieving macroeconomic effi ciency goal. For the three models, primary energy consumption is consistently positive and signifi cant while fossil fuel as a percentage of total energy consumption is consistently negative and signifi cant. The implication of this is that an increase in the consumption of natural gas and total primary energy while reducing the share of fossil fuel in total energy will improve macroeconomic effi ciency. This result is consistent with Chien and Hu (2006) who found that increasing the input of traditional energy decreases technical effi ciency. However, this present study maintains that increasing natural gas consumption, which as a component of fossil fuel will enhance effi ciency but it must be complemented with a rising total primary energy use which ultimately, reduces the percentage share of fossil fuel in total energy consumption.
Conclusion and Policy Implications
We adopted the DEA method to estimate the technical effi ciency scores for the 7 economies from 2005 to 2012. Moreover, we employed the stepwise regression analysis to assess the impact of the two most important components of fossil fuel associated with oil production -petroleum and natural gas -on macroeconomic effi ciency.
Increasing the consumption of natural gas will signifi cantly improve technical effi ciency. On the other hand, increasing the input of petroleum consumption does not have any signifi cant effect on macroeconomic effi ciency. Furthermore, increasing the share of fossil fuel in total energy consumption has negative effect on the effi ciency of the economies of the top African oil producers. The reason for this could be the inherent carbon emissions associated with fossil fuel consumption which has been on the increase over the years with its attendant negative effect on economic activities. Also, we found that increasing the consumption of primary energy improves efficiency in these economies. Thus, the fi ndings of this paper then support the on-going campaign for clean energy as a way to improve effi ciency in these oil-rich African economies. Having confi rmed that increasing the use of natural gas can signifi cantly improve an economy's technical effi ciency, we therefore, suggest that governments and other stakeholders in the energy industry should adopt inclusive strategies that will promote the use of natural gas especially in the short to medium term. However, in the long-run, efforts should be geared towards increasing the use of primary energy, thereby reducing the percentage share of fossil fuel in total energy consumption.
